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Outstanding wound healing activity of gum tragacanth (GT) and higher mechanical strength of poly 
(s-caprolactone) (PCL) may produce an excellent nanofibrous patch for either skin tissue engineering or 
wound dressing application. PCL/GT scaffold containing different concentrations of PCL with different blend 
ratios of GT/PCL was produced using 90% acetic acid as solvent. The results demonstrated that the PCL/GT 
(3:1.5) with PCL concentration of 20% (w/v) produced nanofibers with proper morphology. Scanning electron 
microscopy (SEM) and differential scanning calorimetry (DSC) were utilized to characterize the nanofibers. 
Surface wettability, functional groups analysis, porosity and tensile properties of nanofibers were evaluated. 
Morphological characterization showed that the addition of GT to PCL solution results in decreasing the average 
diameter of the PCL/GT nanofibers. However, the hydrophilicity increased in the PCL/GT nanofibers. Slight 
increase in melting peaks was observed due to the blending of PCL with GT nanofibers. PCL/GT nanofibers 
were used for in vitro cell culture of human fibroblast cell lines AGO and NIH 3T3 fibroblast cells. MTT assay 
and SEM results showed that the biocomposite PCL/GT mats enhanced the fibroblast adhesion and proliferation 
compared to PCL scaffolds. The antibacterial activity of PCL/GT and GT nanofibers against Staphylococcus aureus 
and Pseudomonas aeruginosa was also examined. 

© 2014 Elsevier B.V. All rights reserved. 


1. Introduction 

Skin is the first line of physical barrier from the external factors. Its 
form and function can be degenerated due to several reasons such as 
burns, accidents, and diseases, and recovery to its original form can 
take several weeks or months [1]. Depending on the healing ability 
and type of wounds, suitable skin substitute system should be applied 
for providing an extracellular matrix for the natural infiltration of sur¬ 
rounding cells [2]. An ideal skin substitute should provide an optimal 
healing property with sufficient exudate absorbability, oxygen perme¬ 
ability and controlled fluid loss in which healing and cosmetic appear¬ 
ance of the injured part can occur at a maximum rate [3]. 

Nanofibrous scaffolds due to their pore-size distribution, high 
surface-to-volume ratio and most importantly, morphological similarity 
to natural extracellular matrix (ECM) may be used as wound dressing 
scaffolds [4-6]. Among the different ways of nanofiber production, 
electrospinning appears to be a simple, superior, smart and scalable 
technique to fabricate polymeric nanofibers [7]. Natural and synthetic 
polymers cannot provide all the requirements of a perfect nanofibrous 
scaffold exclusively for application as wound dressing or skin scaffold. 
Natural polymers lose their mechanical properties very quickly during 
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degradation while synthetic polymers, such as polyesters are usually 
hydrophobic, have less binding sites for cell adhesion and release acidic 
products during degradation. To overcome the aforesaid problems and 
provide desirable new biomaterials, hybrid materials which are blends 
of two or more types of polymers have been fabricated by researchers 
that assimilate the desirable characteristics of component materials [8]. 

Gum tragacanth (GT), a natural polymer, is known for its excellent 
biological properties such as biodegradability, biocompatibility, antibacte¬ 
rial and wound healing activity [9]. This hydrocolloid has been accepted 
since 1961 as GRAS at the level of 0.2-1.3% and in Europe has E-number 
E413 on the list of additives approved by the Scientific Committee for 
Food of the European Community [10]. Mucilage of GT is used in lotions 
for external applications and, at higher concentrations, as a base for 
jelly lubricants and in medicinal oil emulsions. As an emulsifier, it facili¬ 
tates the absorption of poorly soluble substances such as steroid glyco¬ 
sides and fat-soluble vitamins. This gum is also used in various types of 
elixirs and syrups where low-calorie intake is required [9,11 ]. In our pre¬ 
vious work, GT was blended with poly(vinyl alcohol) to improve the 
spinnability of GT solution, then nanofibers were chemically cross- 
linked with glutaraldehyde. The smooth surface nanofiber showed good 
antimicrobial property against gram-negative bacteria (Pseudomonas 
aeruginosa ), however human fibroblast cells had well attachment and 
proliferation on these scaffolds [12]. There is no available report on the 
production of electrospun GT composite scaffolds with PCL, PLGA, etc., 
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Fig. 1. SEM micrographs of PCL (10 w/v %)-GT (7 w/v %) blend nanofibers with different blend ratios: a, d) 3:0, b, e) 3:1, and c, f) 3:1.5 electrospun under applied voltage 15 kV, extrusion 
rate 0.5 mL/h and nozzle to collector distance 20 cm; (a, b, c) 15,000x, (d, e, f) 5000x. 


and their applications in either skin tissue engineering or wound healing. 
Poly (s-caprolactone) (PCL) is an aliphatic polyester, often used in bio¬ 
medical applications because of its biocompatibility, slow biodegradabili¬ 
ty, low-cost, non-toxicity and good mechanical properties. However, it is 
hydrophobic [13] which may severely limits its use in certain applications. 
The aim of this work is to fabricate composite scaffolds from PCL and the 
natural biopolymer GT at varying ratios. Further we investigated the 
mechanical properties, hydrophilicity, biocompatibility and fibroblast 
cell proliferation of nanofibers for wound dressing application. 



2. Materials and methods 

2.1. Materials 

Gum tragacanth used in this study was a high quality ribbon type, 
collected from the stems of floccosus species of Astragalus bushes, 
growing in central areas of Iran. The raw gum was ground into fine pow¬ 
der. The moisture content of the gum powder was measured using the 
standard method of AOAC [14]. The density of GT was measured by 



Fig. 2. SEM micrographs of PCL (15 w/v %)-GT (7 w/v %) blend nanofibers with different blend ratios: a, e) 3:0, b, f) 3:1, c, g) 3:1.5, and d, h) 3:3 electrospun under applied voltage 15 kV, 
extrusion rate 0.5 mL/h and nozzle to collector distance 20 cm); (e, f, g, h) 5000x, (a, b, c, d) 15,000x. 
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Fig. 3. SEM micrographs of PCL (20 w/v%)-GT (7 w/v %) blend nanofibers with different blend ratio: a, f) 3:0, b, g) 3:1, c, h) 3:1.5, d, i) 3:3, and e,j) 3:6 electrospun under applied voltage 
15 kV, extrusion rate 0.5 mL/h and nozzle to collector distance 20 cm; 5000x, 15,000x. 


Table 1 

Viscosity (mPa/s) of PCL and PCL/GT (3:1.5) at room temperature. 


PCL 

PCL 

PCL 

PCL 

PCL 

PCL 

(10 w/v %) 

(15 w/v %) 

(20 w/v %) 

(10 w/v %)/GT 

(15 w/v %)/GT 

(20 w/v %)/GT 

700 

1800 

2400 

300 

800 

1400 


using a pycnometer with ethanol as the media. The density and mois¬ 
ture content of GT were 1.42 g/cm 3 and 11.4 wt.% respectively. PCL 
(Mw 80 kDa) was purchased from Sigma-Aldrich; Glacial acetic acid 
was purchased from Merck Co. All the materials were used without 
any purification. 7% solutions of GT in 90% acetic acid were mixed 
with different concentrations of PCL (10,15, 20% (w/v)). PCL was dis¬ 
solved in 90% acetic acid (90% AA). Other chemicals were of laboratory 
grades and were used without any purification. 

2.2. Electrospinning apparatus 

The electrospinning apparatus used in this work consisted of a high 
voltage power supply, a syringe pump, a stainless steel spindle and an 
aluminum plate-type collector. To produce nanofibers, the syringe was 
filled up with the polymeric solution and a high voltage was applied 
to overcome the surface tension of the polymer solution, and then a 
charged jet is ejected. The jet extends in a straight line for a certain dis¬ 
tance and then bends and follows a looping and spiraling path. These 
jets were collected on an aluminum foil as nanofibers. All 
electrospinning were carried out at room temperature. Electrospinning 
was carried out with constant feeding rate, tip-target distance and ap¬ 
plied voltage of 1 mL/h, 15 cm and 15 kV, respectively. 

2.3. Characterization 

The morphology and diameters of nanofibers were studied with the 
use of FESEM (XL30-SFEG, 12 FEI/Phillips, and Japan) at an accelerating 
voltage of 20 kV. For SEM, the samples were coated with gold using 
sputter-coater operated at 15 kV for 80 s. The average diameter of the 
nanofibers was measured and calculated from 100 random points cho¬ 
sen from the SEM images, using image analysis software (Image J, Na¬ 
tional Institute of Health, Bethesda, MD). Fourier transform infrared 
spectroscopy (FTIR) analysis (Nicolet Magna-IR 560) was used to 
study the structural changes using KBr method for GT powder and 
PCL, PCL/GT nanofibers. Thermal properties were examined by differen¬ 
tial scanning calorimetry (Mettler Toledo, Switzerland) and samples 


were heated from —110 °C to 310 °C at a heating rate of 10 °C/min 
under nitrogen. The viscosity of the polymer solutions was measured 
using a Brookfield viscometer (Model DV-II + Pro). 

The tensile behavior of the electrospun nanofibers was examined on 
an Instron (model 5566 made in UK) using a 10-N load cell under a 
cross-head speed of 10 mm/min at room temperature. All nanofiber 
tape samples were prepared in the form of rectangular shape with di¬ 
mensions of 30 x 10 mm 2 . Mechanical characterization was performed 
by applying test loads to specimens prepared from the electrospun 
nanofibers. At first, a white windows paper template was cut and 
nanofibrous tapes were glued onto the top and bottom areas of window. 
It was placed between the grips of the tensile testing machine and after 
closing the grips, the other sides of the window papers were cut by 
scissor. The reported results are the average of five specimens [15]. 

To study the degradation behavior of the scaffolds, the fibers on alu¬ 
minum foil were placed in a 12-well plate containing 1 mL of phosphate 
buffer solution (PBS; pH 7.4) and incubated at 37 °C for 30 days. The 
fresh media were added after every 3 days. After the degradation peri¬ 
od, the samples were dried and FESEM images were taken. 

The solutions of PCL 20%, PCL/GT (3:1.5) and GT in 90% acetic acid 
solution were prepared. Surface tension measurements of 5 mL from 
each solution were carried out using a Du Nouy ring tensiometer 
(Kriisstensiometer K 100SF). All measurements were made at 20 °C. 
The experiments repeated three times for each sample. 

The apparent density of scaffolds was calculated from Eq. (1) in 
which the porosity of scaffolds was determined from Eq. (2) [16]. The 
apparent web density of PCL and PCL/GT blend nanofibers was estimat¬ 
ed according to average density from Eq. (3). The density (g/cm 3 ) of the 


Table 2 

Surface tension of polymer solutions for electrospinning. 


Polymer solution in acetic acid solution 

7 (mN/m) 

GT (7 w/v %) 

38 

PCL (20 w/v %) 

31 

PCL/GT (3:1.5) 

29 
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Fig. 4. SEM images of a) electrospun PCL/GT nanofibers before degradation, b) PCL/GT nanofibers after 30 day degradation. 


PCL/GT blend solid film (manufactured by a solution casting method) 
and the thickness of the nanofiber mats was measured by a micrometer. 
The density of PCL and GT which were used in this work was 1.14 g/cm 3 
and 1/42 g/cm 3 respectively. 

Apparent density of scaffold (g/cm 3 ^) (1) 

mass of scaffold (g) 

Area of scaffold (cm 2 ) x Thickness of scaffold (cm) 


Appranet density of scaffold (g/cm 3 

Porosity of scaffold = 1 —- t-~- 

Bulk density of the material (g/cnr) 


1 _ wt% PCL wt% GT 
Ptot Ppcl Pgt 



absorption and cell attachment on the nanofiber surface, the scaffolds 
were soaked in a culture medium for 12 h. NIH 3 T3 and human fibro¬ 
blast cells were cultured in Dulbecco’s Modified Eagle Medium 
(DMEM) supplemented by 10% fetal bovine serum (FBS), 1% antibiotic 
solution at 37 °C under a humidified atmosphere of 5% C0 2 ,99% relative 
humidity (RH). After counting cells, about 3 x 10 5 cells/cm 2 fibroblast 
cells were seeded on PCL and PCL/GT nanofibers on 24 well plates and 
incubated at 37 °C for cell growth. Light microscope was used to inves¬ 
tigate cell adhesion and cell morphology after one day. The cell-seeded 
nanofibers were refilled with fresh medium every day. After 48 h of the 
experiment, the scaffolds were rinsed twice with phosphate buffer 
saline (PBS) and subsequently fixed in 2.5% glutaraldehyde for 2 h. 
The sample was then rinsed thrice with PBS for 12 h. They were 
immersed in osmium tetroxide 0.1% for 30 min and dehydrated in 
increasing concentrations of acetone (20, 30, 50, 70, 90 and 100%) for 
10 min each. Finally, the samples were freeze-dried and sputter coated 
with gold for cell morphology observation by FESEM. 


In order to determine the hydrophilic/hydrophobic properties of the 
PCL and PCL/GT nanofibers, the contact angle of nanofibers was mea¬ 
sured by the sessile drop method for which a video contact angle instru¬ 
ment (KRUSS G10, Germany) was used. The experiments were carried 
out at room temperature. First the electrospun mats were cut into a 
rectangular shape (20 mm x 20 mm) and fixed into the custom made 
sample holder of the drop shape analyzer and then about 1 juL of distilled 
water was pipetted onto the mats and temporal images of the droplet 
were taken using a camera and the contact angles were measured by 
the sessile drop approximation of the inbuilt software of the instrument. 

2.4. Cell culture 

Sterilizing of nanofibrous webs was done using UV-ray and then 
washing with sterilized PBS for three times. In order to facilitate protein 


2.5. MTT assay 

Cell viability and cell proliferation on PCL/GT and PCL nanofiber 
scaffolds were determined by using the colorimetric 3-(4, 5- 
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide assay (MTT). 
Fresh culture medium was used as control. In this assay, the metaboli- 
cally active cells are known to react with tetrazolium salt in MTT reagent 
to produce a soluble formazan dye and absorbance was measured at 
570 nm using spectrophotometer. Direct and indirect cytotoxicity eval¬ 
uations were used for doing this test. For direct evaluation, human fibro¬ 
blast cells were plated in 90 juL of Dulbecco’s modified Eagle’s medium 
(DMEM), supplemented with 10% FBS, at a density of 10,000 cells/ 
cm 2 . After 3 days of cell seeding in 24-well dish, the original medium 
was removed and 1 mL fresh medium and 100 pL MTT solution were 



f 



Fig. 5. FTIR spectra of samples; a) PCL, b) GT powder, and c) blend PCL/GT nanofibers. 
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Tempreture (* C) 


Fig. 6. DSC curves of samples; A) PCL nanofibers, B) GT powder, and C) PCL/GT nanofiber. 


added to each well. Cells were allowed to incubate in the dark at 37 °C 
(5% C0 2 ) for 4 h, the medium was removed, the scaffolds were gently 
aspirated, and the formazan reaction products were dissolved in di¬ 
methyl sulfoxide. After 20 min of shaking, the solution was used for 
spectrophotometric analysis. The optical density of the formazan solu¬ 
tion was read on a BioTekELISA plate reader at 570 nm. Indirect evalua¬ 
tion was done based on a procedure adapted from the ISOl0993-5 
standard test method [17]. The nanofiber mats of PCL/GT and PCL 
were immersed in a medium as described in an incubator for 24 h to 
produce extraction media of varying concentrations (5, 10 and 
20 mg/mL). NIH 3T3 fibroblasts were seeded (1 x 10 4 cells/cm 2 ) in 
96-well plate with various extracts at 37 °C under 5% C0 2 /95% air condi¬ 
tion. Cell viability was monitored at 3 days by MTT assays. 


pressure. A loop of each bacterium was inoculated on 5 mL of nutrient 
broth and incubated at 37 °C for 24 h, then cultured in nutrient agar 
plate. The disk shape samples of nanofibrous mat were sterilized by ultra¬ 
violet light for 2 h and were placed in each plate. Then the plates were 
held in incubator for 48 h. Photographs from samples were used for 
assessing the antimicrobial behavior. 

2.7. Statistical analysis 

All data presented are expressed as mean standard deviation (SD). 
Statistical analysis was carried out using single-factor analysis of vari¬ 
ance (ANOVA). A value of p < 0.05 was considered statistically 
significant. 


2.6. Antimicrobial properties 


3. Results and discussion 


The antimicrobial behavior of PCL and PCL/GT nanofibers was studied 
by agar plate method and Staphylococcus aureus ATCC 25923 and 
P. aeruginosa ATCC 27853 were used as gram-positive and gram¬ 
negative bacteria respectively. Mueller-Hinton agar media was prepared 
and sterilized in an autoclave at 121 °C for 20 min under 15 lbs/in 2 


3.1. Effect of PCL concentration and blend ratio on nanofiber morphology 

The SEM images of all different compositions of PCL/GT are shown in 
Fig. 1. GT concentration was fixed at 7% (w/v) and PCL concentration 
was varied from 10 to 20% (w/v). PCL with 10% concentration was 
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Fig. 7. Heating-cooling curve of GT powder. 
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Fig. 8. Typical stress-strain curves of PCL, PCL/GT (3:1.5) nanofibers. 


taken and three solutions with different compositions of PCL/GT (3:0, 
3:1, 3:1.5) were electrospun to produce nanofiber. As shown in Fig. la 
& d, the electrospun pure PCL nanofibers had the average diameter of 
156 =1= 25 nm. PCL/GT (3:1) nanofibers showed spindle like beads 
(Fig. lb & e). Other PCL/GT solution i.e., 3:1.5 combination resulted in 
beaded and irregular fiber geometries (Fig. lc & f). 

When PCL concentration was 15 %, four different compositions of 
PCL/GT (3:0, 3:1, 3:1.5, 3:3) were electrospun to get nanofibers. As 
shown in Fig. 2a & e, the electrospun pure PCL nanofibers had the aver¬ 
age diameter of 288 ± 32 nm. PCL/GT (3:1) nanofibers showed an aver¬ 
age diameter of about 187 ± 32 nm with very little bead density (Fig. 2b 
& f). However, when the ratio of PCL/GT reduced further to 3:1.5 and 
3:3, nanofibers with more beads in the web were produced (Fig. 2c, g, 
d & h). 

When the PCL concentration increased to 20%, a drastic difference in 
fiber morphology was observed. Five different compositions of PCL/GT 
(3:0, 3:1, 3:1.5, 3:3, and 3:6) were electrospun. In 3:0 compositions, 
microfibers with non-uniform morphology were obtained (Fig. 3a, f). 
For 3:1, and 3:1.5 PCL/GT compositions, fiber morphology was uniform 
with average fiber diameters of389 ± 49% and 240 =b 53 nm, respectively 
(Fig. 3b, g, c & h). With changing the concentration to 3:3 and 3:6 blend 
ratio (PCL/GT), the morphology of the fibers changed to beaded structure 
(Fig. 3d, i, e & j). The addition of GT is found to decrease the diameter of 
PCL nanofibers. It was noticeable that, when the ratio of GT in the blend 
was equal or more than the ratio of PCL, electrospinning was difficult 
and the spinnability of the polymer solution was very poor. These results 
clearly revealed the effect of PCL concentration on the fiber diameter of 
the electrospun scaffold. At low PCL concentrations, because of the low 
viscosity of solution, defects in the form of beads and droplets were ob¬ 
served (Figs. 1 & 2). The process under these conditions showed both 
electrospraying and electrospinning. The results of the viscosity of PCL 
and PCL/GT (3:1.5) blends in different concentrations of PCL were 
shown in Table 1. When GT is blended with PCL, there is a significant 


decrease in viscosity of blends. Increasing the viscosity of blend solution 
from 300 to 1400 mPa/s by increasing polymer concentration resulted 
in smooth fibers with few beads and junctions [18]. From the above 
results, PCL/GT (3:1.5) with higher amount of natural biopolymer GT 
was selected as the optimum blend ratio for further experiments. The 
spinnability of different solutions that was assessed by performing surface 
tension analysis of GT, PCL, and PCL/GT was measured. GT solution sub¬ 
jected to electrospinning could not form nanofibers due to high surface 
tension (Table 2). However, when GT is blended with PCL, nanofibers 
were produced due to the lower surface tension of the solution [19]. 

3.2. Degradation behavior of nanofibers 

Fig. 4 shows the morphological changes of electrospun scaffolds be¬ 
fore and after in vitro degradation for 30 days period. Some breakage 
and change in morphology can be seen for nanofibers, but nanofibers 
keep their morphology after 30 days so they can be a good candidate 
as scaffolds. 

3.3. FTIR results 

FTIR analysis was carried out for surface characterization of PCL and 
PCL/GT nanofibers. Fig. 5 shows the FTIR spectra of PCL and PCL/GT 
(3:1.5) nanofibrous scaffolds. In PCL spectra, the peaks at 2942 and 
1726 cm -1 represent the characteristic peaks for C-H and ester carbon¬ 
yl groups, respectively. The major absorbance bands present in the spec¬ 
tra of GT were at 3442,2930,2856,2158,1747,1635,1441,1367,1243, 
1080 and 1023 cm -1 . The broad band observed at 3442 cm -1 could be 
assigned to stretch vibrations of O-H groups in the gum tragacanth. The 
bands at 2930 and 2856 cm -1 correspond to stretching vibrations of 
methylene groups and the broad band at 2158 cm -1 shows various 
carbonyl species of the gum. The sharp peak at 1747 cm -1 could be 
assigned to carbonyl stretching vibrations in aldehydes, ketones and 



Fig. 9. Contact angle of electrospun nanofibers; a) PCL nanofibers, b) PCL/GT nanofibers. 
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Fig. 10. Scanning electron micrographs of human fibroblast cell lines AGO cultured on electrospun PCL (10 w/v %), PCL/GT (3:1.5) nanofibers after 2 days of culture. 


carboxylic acids. The stronger band found at 1635 cm -1 could be 
assigned to the characteristic of asymmetrical stretch of carboxylate 
group. Bands at 1441 and 1367 cm -1 could be attributed to symmetrical 
stretch of carboxylate groups and bands at 1441 and 1367 cm -1 showed 
the symmetrical stretch of carboxylate group. In PCL/GT scaffold, the O-H 
stretching has shifted to the lower frequency side and a sharp peak at 
3433 cm -1 was observed. A slight bending at 1727 cm -1 is due to the 
presence of carbonyl group in PCL and another peak at 1166 cm -1 is 
due to C-O-C group. 

3.4. DSC results 

Fig. 6 shows the results of differential scanning calorimetric analysis 
of electrospun matrices of PCL, GT, and their blend nanofibers. For pure 
PCL the endothermic peak related to the melting of the crystalline phase 
is observed in a temperature range between 30 and 70 °C, with a max¬ 
imum at 59.5 °C. However its glass transition temperature is about 
— 57 °C. The DSC trace of GT exhibited a very broad endothermic peak 
starting from 48 °C and ending at 202 °C with the peak temperature 
at 120 °C. This transition is associated with the loss of water that corre¬ 
sponds to the hydrophilic nature of functional groups of the GT polymer. 
The heating-cooling run of this sample confirms the above hypothesis. 
When the sample heated at the rate of 10 °C/min, first up to 160 °C and 
then cooled to 0 °C/min and heated again, this peak vanished (Fig. 7). 
The major thermal decomposition at 259 °C was observed for the GT. 
The PCL/GT nanofibers showed a single melting peak almost at 63 °C. 
Very slight increase in melting peaks was observed due to the blending 
of PCL with GT nanofibers. This may be attributed to the different types 
of nucleation and growth of crystallization of the constituents of blend 
nanofiber [20,21]. It should be noted that the samples were dried in 
oven at 70 °C for 10 min prior to DSC analysis (Fig. 8). 

DSC data can provide information regarding the miscibility of poly¬ 
mer blend systems [22]. In a DSC graph for an immiscible blend of two 
polymers, each polymer phase represents its T g while only one T g at 
the temperature between two T g s of each component is observed for a 
homogeneous miscible blend without a phase separation [23]. Fig. 6 


shows that the T g of GT and PCL appears at about — 47 °C and — 59 °C 
respectively, whereas, the T g of the blend appears at about — 54 °C 
without any additional peaks compared to the thermograms of GT and 
PCL. With this one may conclude that the system is miscible. 

3.5. Mechanical results 

One of the most important properties of scaffolds for application in 
skin scaffolds is the mechanical property. Dressing must be able to with¬ 
stand the load applied by cells [24] and may be strong enough to resist 
the forces of the body movement or outer environment. Artificial skin 
similar in structure to Integra has a tensile strength of 10 kPa, Young's 
modulus of 69 kPa, and maximum strain of 41% [25]. Whereas, hydrogel 
scaffolds can have tensile strengths in the order of 50-100 kPa, and 
maximum strain of 600-800%. Mechanical properties of nanofibrous 
wound dressings depend mainly on the material choice as well as its 
solution properties. The mechanical properties of the electrospun mats 
were shown in Fig. 9. The obvious decrease in tensile strength of PCL/ 
GT scaffolds was mainly because of the blending of PCL with a natural 
polymer (GT) that has weak mechanical properties. The production of 
composite PCL/GT scaffolds provided a scaffold with tensile strength 
and maximum strain of 0.4 MP and 28.3% respectively. 

3.6. Porosity of scaffolds 

The porosity of electrospun nanofibers shows the space between the 
fibers, which is necessary for cell growth and cell adhesion. The porosity 
of PCL nanofibers electrospun from PCL in 90% acetic acid was about 
85.7%. However in the blend nanofibers of PCL/GT, the porosity of 
webs increased to 88.4%. It could be due to the presence of non¬ 
uniformity in the web produced from the polymer blend solution. 

3.7. Hydrophilicity of nanofibers 

The hydrophilic/hydrophobic property of scaffolds can influence the 
initial cell adhesion and cell migration [26,27]. The contact angle of 



Fig. 11. Scanning electron micrographs of NIH 3T3 fibroblast cells cultured on a) electrospun PCL (10 w/v %), b) PCL/GT (3:1.5) nanofibers after 2 days of culture. 
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3.9. Cytotoxicity evaluation 



Control PCL nanofibers GT-PCL nanofibers 

Fig. 12. MTT results of fibroblast cells on nanofibers in 3 days. 


hydrophilic scaffolds is between 0° and 30° and less hydrophilic 
surfaces show a contact angle up to 90°. However, hydrophobic scaf¬ 
folds show a contact angle more than 90°. From Fig. 9, PCL nanofiber 
was highly hydrophobic and the contact angle obtained for it is about 
124.9 ± 2°. PCL/GT web shows a contact angle of 84.9 =1= 3°, which in¬ 
dicates the hydrophilic nature of the blend nanofibrous web. In PCL/ 
GT nanofibers, the trapped air between the nanofibers and pores at 
the nanofiber surface is easily removed by the incoming water mol¬ 
ecules because the water soluble component (GT) is probably 
leaching out. 

3.8. SEM study of scaffolds with cells 

The well-blended GT-PCL nanofibrous matrix that integrates the fa¬ 
vorable and distinctive biological properties of GT and mechanical proper¬ 
ties of PCL is expected to significantly improve the material properties, 
while providing a stable, nurturing environment for a broad array of bio¬ 
medical applications. Figs. 10 and 11 show the SEM micrographs of 
human fibroblast cell lines AGO and NIH 3 T3 fibroblast cells morphology 
and interaction between cells and nanofibrous webs after 48 h. Fibroblast 
cells on the scaffold containing GT stretched properly on the nanofibers 
and showed better proliferation. Our results exhibited that produced 
nanofibers from GT and PCL have the promising potential of being used 
as skin scaffolds. 


The results of MTT test in direct method are summarized in Fig. 12. 
The results showed that in PCL/GT nanofibers, proliferation is more 
than PCL nanofibers because the incorporation of GT created some hy¬ 
drophilic groups on the surface of PCL/GT scaffolds, thus making them 
more favorable for cell growth and proliferation. 

The toxicity of nanofibers from PCL/GT and PCL was studied by indi¬ 
rect cytotoxicity evaluation too. The cytotoxicity of various concentrations 
of the extract medium from the different nanofibers is shown in Fig. 13. 
When the 3T3 cells were incubated with various concentrations of the ex¬ 
traction media of nanofibers, there was an increase in average cell viabil¬ 
ity compared with control extract. However, the cell viability was 
increased when the concentration of the extract increased. So these 
nanofibrous mats are clearly proven to be safe. 

3.10. Antibacterial properties 

Antibacterial activity of PCL/GT and PCL nanofibers was investigated 
using disk shape webs. The PCL/GT samples showed the antibacterial 
property against gram-negative bacteria (P. aeruginosa ) and gram¬ 
positive bacteria (S. aureus) and the zone of inhibitory was visible some¬ 
what in the plate (Fig. 14). It is assumed that the L-sugars found in trag- 
acanth (L-arabinose and L-fucose) are responsible for the resistance to 
microbial attack, since most organism would be unable to metabolize 
these foreign sugars [9]. 

4. Conclusion 

There is always a need for new engineered polymeric biomaterials 
with ideal properties and functional adaptation for tissue engineering. 
In this article, nano-structured biodegradable fibers from PCL and GT 
were prepared with interconnected fibrous networks. Compared to 
pure PCL, GT addition resulted in a large reduction of fiber diameter 
and changing fiber morphology. Produced scaffolds from 7% GT and 
20% PCL had better morphology, and composition of 3:1.5 (PCL/GT) 
with a high amount of GT was selected for further experiments. 
Human fibroblast and NIH 3T3 fibroblast cells adhered and proliferated 
well on PCL/GT scaffolds. Hydrophilicity nature of nanofibers, degrada¬ 
tion behavior, mechanical strength, good morphology of cells on PCL/ 
GT nanofibers and cytotoxicity assessing methods showed that these 
scaffolds are safe and have the potential to be developed as skin scaf¬ 
folds or wound dressing patches. 
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Fig. 13. Cytotoxicity tests from MTT assays of cell viability, a) control, b) PCL nanofiber, C) PCL/GT nanofiber. 
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Fig. 14. Bactericidal activity of GT/PCL nanofibers with gram-positive S. aureus and gram-negative P. aeruginosa, A) PCL/GT nanofiber, B) PCL nanofiber. 
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